Background -A study was carried out to determine the extent to which asthma deaths are wrongly attributed to another cause on UK death certificates. Methods -Deaths from all causes occurring anywhere in the UK were identified amongst 2382 subjects aged 16-64 years within three years of discharge following hospital treatment for asthma (ICD9 493) in hospitals in the South East Thames region. The deaths were reviewed by an expert panel to assess the proportion of asthma deaths identified by the panel which were attributed to another cause of death on the death certificate (false negatives). Results -Eighty five deaths from all causes were identified in a mean follow up period of two years and three months. In 61 cases (72%) there was sufficient information for the expert panel to be confident about the cause of death. The panel identified 22 deaths from asthma, four of which were certified as non-asthma deaths (two as deaths from chronic obstructive pulmonary disease (COPD) and two as deaths from cardiovascular disease). The proportion of false negative death certificates was four of 22 (18%, 95% confidence interval (CI) 5 to 40). Conclusions -There is evidence that asthma deaths in the UK are wrongly certified as deaths from both chronic obstructive pulmonary disease and diseases of the cardiovascular system. (Thorax 1996;51:924-928) On the other hand, several studies3`8 have reported that UK death certificates wrongly attribute deaths to asthma (false positives). Estimates of the proportion of death certificates that attribute death to asthma which are incorrect lie between 12%4 and 35%8 for all ages. For those under 65 years of age the range is between 13%8 and 24%.' While these studies have comprehensively reviewed all deaths certified as due to asthma, the task would be too large to review deaths from all causes in the populations studied. The search for deaths due to asthma wrongly attributed to another cause (false negatives) has therefore mainly been limited to a review of deaths where asthma was recorded on part 2 of the death certificate. Among UK studies wider searches for false negative death certificates have included a review of deaths certified as due to chronic bronchitis or bronchopneumonia in those under 45 years4 or under 55 years,8 and a review of deaths from all causes which occurred during a hospital admission for asthma.6 Cases of death from asthma were found among these selected deaths from other causes but cannot be used to estimate the full extent of under-recording of asthma on the death certificate.
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(Thorax 1996;51:924-928)
On the other hand, several studies3`8 have reported that UK death certificates wrongly attribute deaths to asthma (false positives). Estimates of the proportion of death certificates that attribute death to asthma which are incorrect lie between 12%4 and 35%8 for all ages. For those under 65 years of age the range is between 13%8 and 24%.' While these studies have comprehensively reviewed all deaths certified as due to asthma, the task would be too large to review deaths from all causes in the populations studied. The search for deaths due to asthma wrongly attributed to another cause (false negatives) has therefore mainly been limited to a review of deaths where asthma was recorded on part 2 of the death certificate. Among UK studies wider searches for false negative death certificates have included a review of deaths certified as due to chronic bronchitis or bronchopneumonia in those under 45 years4 or under 55 years,8 and a review of deaths from all causes which occurred during a hospital admission for asthma.6 Cases of death from asthma were found among these selected deaths from other causes but cannot be used to estimate the full extent of under-recording of asthma on the death certificate.
This study was set up to ascertain the extent to which asthma deaths are wrongly attributed to another cause in the UK.
Methods
Deaths from all causes were identified in a cohort of people discharged from hospital after treatment for asthma. To Copies of coroners' or hospital post mortem examinations carried out on these patients were obtained. A research assistant was trained to identify relevant sections of the medical notes. The assistant was blind to the cause of death and photocopied the notes from the index admission, the last admission before death or leading to death, and correspondence in the year before death. One of us (HG) photocopied clinical records from the general practitioners' notes in the year before death and discharge summaries from previous inpatient treatment.
THE EXPERT PANEL
The panel consisted of eight experts (four consultants in thoracic and general medicine and four general practitioners with expert knowledge of asthma). The criteria for panel membership were (1) currently practising clinician; (2) involvement in the care of general medical patients (consultants: responsible for "general medical take" as well as the care of patients with chest disease); (3) author of publications on the subject of asthma or have been a national adviser on asthma; (4) agreement to confidentiality regarding hospitals, clinicians, and patients; and (5) within travelling distance of London.
To avoid panel members reviewing notes in detail of patients whose certified cause of death was unlikely to change as a result of an expert opinion, such as deaths from cancer or those for which there was insufficient information at the time of death, one of the authors (HG) screened the notes. Members of the panel briefly checked the excluded notes to ensure that an expert opinion would be unlikely or unable due to lack of information to disagree with the certified cause of death.
The notes of the remaining patients were randomly allocated among the four general practitioners and similarly randomly allocated among the four consultants. Each set of notes was reviewed by one general practitioner and one consultant who made an independent assessment of the underlying cause of death. 
COPD = chronic obstructive pulmonary disease; CVS = cardiovascular system; IHD = ischaemic heart disease; CVA = cardiovascular accident; PE = pulmonary embolus; DVT = deep vein thrombosis. The proportion of asthma deaths which were inaccurately diagnosed as death from other causes (18%) was similar to the 16% found to be inaccurately diagnosed in a study in Canada in subjects with milder but persistent asthma (patients receiving at least 10 asthma drug prescriptions in 10 years) . It was, however, much lower than the 58% false negative rate found in an American study of non-hospitalised asthmatic subjects (having a medical diagnosis from any source who filled the criteria for a diagnosis of asthma).' Some misattributed deaths may have been missed in our study because of the cases excluded due to lack of information, but among these there are few possible further false negative cases (table 3) . The difference in the rates between the two studies is probably due to the difference in age of the populations studied, the mean age at death in the study by Hunt In the UK two previous studies have claimed a net over-recording of asthma deaths5 7 but these were based on limited searches for false negative death certificates. In the light of the findings of our study these claims should be re-examined. Since our study was based on patients who had recently been in hospital with a diagnosis of asthma, the true proportion of false negative death certificates for asthma in the general population is likely to be at least that estimated here or maybe greater.
Post mortem findings should aid the diagnosis of death from asthma but, in general, the panel found the post mortem reports unhelpful. Hunt et all also found that the accuracy of diagnosis of asthma as a cause of death was not influenced by the presence of a post mortem report. Post mortem findings can be misleading in the absence of clinical histories since emphysema is found at post mortem examination in most patients who die from status asthmaticus" " and in about half there is cardiac hypertrophy." 12 The validity of the cause of death based on a retrospective assessment of the notes by clinicians not involved with the case could be questioned. However, the panel members had access to considerable clinical information, including primary care notes in 73% of cases and details of at least one hospital admission for asthma in all cases. They therefore may have had more information available to them than some of the doctors who signed the death certificates. It is noteworthy that none of the certificates which the panel disagreed with had been signed by general practitioners.
One problem which can arise in the use of expert opinion is that of biased experts."' The experts were chosen according to predetermined criteria to reduce potential bias. One source of bias in this panel may be that, as experts in asthma, they were more likely to diagnose asthma as a cause of death. To reduce the chance of this all consultants on the panel were required to be involved in the care of non-asthmatic patients and general practitioners were included on the panel.
Other problems that can arise in developing a consensus amongst experts is that judgements can be affected by strong individuals within the group or by a convergence to the opinion of the group as a whole. '3 " To avoid this we adapted the Delphi technique for reaching consensus opinion.'3 '4 The essence of this technique is to provide some degree of anonymity to the participants, a chance to revise first responses in the light of others' views, and a process for clarifying the reasons for any differences. Each case was reviewed by a random selection of two experts. This reduced the chance of a general practitioner/ consultant pair converging their opinions over the course of the day. Where there was initial disagreement the general practitioner and consultant reassessed their diagnosis in the light of written comments from the other panel member.
In summary, we have found evidence that in the UK death from asthma may be wrongly certified as death from other causes. The implication for studies of asthma death in this age group is that they should include at least a search for asthma deaths recorded as being due to chronic obstructive pulmonary disease and cardiovascular disease in order to include all cases. An increase in post mortem examinations may not help to improve the accuracy of reporting of asthma deaths unless there is wider use of both clinical history and histological evidence in determining the cause of death.
Appendix A: Certified cause of death asthma but the panel considered death was due to COPD Case 55 A man aged 61 years at death who smoked 15-20 cigarettes per day. He had had a right pneumonectomy 10 years ago which was recorded as being due to bronchitis. The only evidence of asthma was a record on the casualty card "known asthmatic past 10 years". Peak flow on index admission was 100 1/min and was unaltered by salbutamol nebuliser. The highest recorded peak flow was 100 1/min.
A post mortem examination carried out reported "the right pleural cavity contained buff-coloured pultaceous material. The left bronchus was congested. Small bronchi on the cut surface of the lungs were thick walled and contained viscid mucus. The parenchyma of the left lung was congested".
Appendix B: Certified cause of death COPD but the expert panel considered death was due to asthma Case 7 A 63 year old man, an ex-coal miner and ex-smoker, who had suffered from asthma and eczema since childhood. His lowest peak flow on admission was 120 1/min, the highest recorded was 320 1/min. Six months later he saw his general practitioner because of severe shortness of breath and was admitted to hospital where he died after three days. A 46 year old female non-smoker who had suffered from asthma and hayfever for 20 years. On her index admission she was admitted to the ITU after sudden onset of shortness of breath and loss of consciousness. Peak flow reached 450 1/min by the time of discharge. Diurnal variability in her peak flow recordings at discharge remained high at 62%. Blood pressure was 140/100 and there was no ankle oedema. Three weeks after discharge from this admission she had a sudden severe asthmatic attack and collapsed at home. She died in casualty after an unsuccessful resuscitation attempt. Post mortem findings included a moderately enlarged heart, moderate oedema and congestion in the lungs, moderate chronic bronchitis and emphysema, normal tracheobronchial tree.
Case 71
A 51 year old man who was an ex-smoker who had Buergher's disease resulting in bilateral below knee amputations. On his index admission for asthma he had a peak flow of 350 1/min which rose to 500 1/min by discharge. Eight weeks after discharge he was readmitted acutely short of breath, peak flow was recorded as 150 1/min. He improved initially then suddenly deteriorated and remained acutely short of breath until he died four days later. The post mortem findings included hypertrophy of both ventricles and dilatation of the valves; no pulmonary congestion was noted, but copious amounts of purulent secretions were present in the bronchial tree. Extensive bullous emphysema was present.
The members of the expert panel were: M Cochrane, N Eiser, A Johnson, D Stableforth (consultants); C Griffiths, M Levy, R McKinley, G Mohan (general practitioners). In addition we would like to thank Tony Fitzgerald for statistical advice, Patrice Beveney, Aruna Dash, and Hilary Barton for their help with the data collection and organisation of the expert panel. The study was funded by the National Asthma Campaign.
